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INCREASING FOREST PRODUCTIVITY BY DRAINAGE
G.R. Hillman'

ABSTRACT

The effects of different ditch spacings on groundwater table levels
were investigated on a coniferous swamp in Alberta as part of a wetland
drainage and improvement for forestry program. Chemical water quality,
suspended sediment, and specific conductance were measured upstream and
downstream from points where drainage water entered the stream channel,
to determine {f sediment ponds and buffer =zones were performing
satisfactor{ly and to monitor changes in water quality.

The average water table profiles before and after ditching
indicated that dlitching created a drawdown of about 30 cm, 2-3 m from
the ditch. The average depth to water table after ditching increased by
22, 18, and 10 cm for 30-, 40- and 50-m spacings, respectively. No
significant differences were detected between upstream and downstream
levels for 13 of 16 inorganic elements investigated. Downstream changes
in specific conductance and levels of suspended sediment were also
non-significant., Ditching increased the levels of iron in the stream but
appeared to lower the levels of aluminum and potassium. The results
indicated that sediment ponds and buffer zones in the ditch network were
functioning well and that stream water quality was not being impaired.

Tanadian cforestry Service, Northern Forestry Centre
3320-122 Street, Zdmonton, Alberta, T6H 3S5, Canada
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INTRODUCTION

In 1985, the Canadian Forestry Service (CFS) and the Alberta Forest
Service (AFS) initlated the Wetland Drainage and Improvement Program
under the Canada-Alberta Forest Resource Development Agreement (CFS and
AFS, 1984). The program wWas designed to develop cost-effective and
environmentally sound forest drainage technology appropriate for the
boreal forest and to meet the following objectives:

1. to develop optimal silvicultural regimes for increasing the growth
of commercial tree species on wetlands with lowered water tables,
and

2. to assess the effects of drainage on soils, local hydrology, ground

vegetatiion, and tree growth.

The study arose in response to concern by Albe;ta foresters that
the productivé forest -land base in Alberta was decreasing as more forest
land was withdrawn for non-forestry uses. This concern, together Wwith
reports from Finland indicating that drainage can increa§e forest
producti§ity f%vefo*d on the best sites, to a volume increment in excess
of 10 m” ha y~' (Heikurainen, 1964), led foresters to consider
increasing the wood-growing capablility of forested wetlands in.Alberta.
Alberta contains nearly 13 million ha of peatlands, apout 4 million of
which are considered suitable for Jdrainage and conversion tO productive
forests. There ls, however, very little information on the long-term
effects of forest drainage on tree growth and the environment in Canada

generally and in Alberta particularly.

{n the summer of 1985, a CFS-AFS team selected three forested
wetlands 3s experimental drainage areas. The research plan and
instrumentation for these sites were described In earlier _papers
‘Hillman. 1987. 1988). The purpose of this paper is to describe the
2ffects of forest drainage on groundwater table levels and stream water
quality at Goose River, ane sf the three experimental drainage areas.

SITE DESCRIPTION

The Coose River experimental drainage area is a coniferous swamp
{ocated in the mixedwood boreal forest region of Alberta about 35‘km
southeast o Valleyview at 54950 N, 116985 and clcvn%lon 350 m. The
swamp, which covers apout 320 ha, is cnaracterized by thin -%ess than
m) peat over clay. it supports a black spruce tPicea mariana) ?tand
u0-50 years old and a shrub understory dominated by Labrador tea - Ledum

groentandicum) ~nat sriginated afrter a (fire. 1 smail oreex runs
Testward farough wne site,  Jutting througn o Tairlvy steep ravine With
slapes o1 about 0% near the swamp's western eage.
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METHODS

The experimental design requires that: 1. on each area, a portion
be designated for ditching and the remainder be preserved as control; 2.
pretreatment as well as posttreatment data be obtained from each site.

The drainage plan for the Goose River swamp provided for drainage
of 135 ha north of the creek, using mostly 40-m ditch spacings.
Provision was also made to evaluate different ditch spacings (30, 40,
and 50 m) on a homogeneous portion of the swamp. Ditch construction
with a Lannen S10 excavator began in June, 1986, and was completed in
September, 1986. The area encompassing the varlable ditch spacings was
not ditched until mid-September, 1986. About 37 km of lateral ditches
and 2.7 km of main d*tches were excavated, resulting in a drainage ditch
density of 294 m ha~'. The ditches are 0.9 m deep and about 1.4 m wide.

Large sediment ponds were constructed near the downslope end of
each main ditch. Buffer strips were left between main ditches and the
water course, i.e., each main ditch terminated before reaching the
stream, and effluent water passed over the undisturbed stretch of ground
(the buffer) between the ditch and stream before entering the water
course. The " purpose of the buffer s to filter out sediment particles
that may escape the sediment ponds.

In the summer of 1986 four transects were established, one on the
control site south of the creek, and three at different ditch spacings.
perpendicular to ditch lines on the area to be drained. Groundwater
table configurations were monitored using between 7 and 12 5-cm diameter
wells installed on each transect fn 1986. Pressure transducers
connected to battery-cperated data loggers were Inserted in 6 of the
wells to oprovide continuous records of changes in water levels: data
were recorded at 90-minute intervals. The other wells were mneasured
once or twice a month with a carpenter's tape. One 15-cm diameter well
on the d0-m spacing and one on the 50-m spacing was equipped w#ith a
Leupold-Stevens F-type water level recorder. The t test was used to
test the hypothesis that there was no difference between the before- and
after-drainage means [for groundwater table levels (p < 0.05).

Sediment loads and inorganic chemical water quality were monitored
periodically at one location upstream and two locations downstream rrom
points where water trom the drainage network's main ditch enters the
creek. Sampling station D1 was located 300 = downstream rrom the
upstream station (U) and 100 m from the nearest main dltch. Station D2
was located 1700 m downstream from station U and Jownstream trom three

main ditches. Sediment samples were <collected in glass milk bottles
using a DH-48 sediment sampler, and the total susoended sediment was
determined using methods described in APHA et al. ":971).

inorganie chemical water jua:zity samples were :sil2ctad is 'zrab’

samples in 250-ml plastic hottles. [n rhe laberatory., the samples were
widifled with HNOg no 2 Uinal .rncancrasizn of >.2N and then analyzed
far rotal Za. g, Na, K, AL, Ti, 5. o4s. la, Fe. Mn, In, N1, S, and P by
in inductively  coupled piasma sgectrometer. Tital nitrogen (N) was

fetermined by che modifled Xjeidahl nethod using a technicon digestion
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block and Kjeltec Auto 1030 analyzer (Tecator) (Jackson, 1958, p.183).
The paired t test was used to test the null hypothesis for upstream and

downstream means (p < 0.05).

RESULTS AND DISCUSSION

Groundwater Table Levels

Ditching had a marked effect on the average groundwater table
proflles for the 30-, 40-, and 50-m spacings (Fig. 1). Before ditching,
the 30-m profile ran parallel with the topographic slope, and the
hydraullc gradient indicated that groundwater was moving south downslope
toward thel creek (Fig. 1A). After ditching, the secctlon AB was
effect{vely {solated from the maln groundwater system and recame
directly dependent on precipitation for 1its water supply. The water
table profile took on a "mound" appearance, and the hydraullic gradients
there dictated that water move from the centre of the mound toward
ditches near A and B. The water table levels near the ditches were
about 30 cm lower than before ditching. At the centre, between ditches
the water level was lowered about 15 cm. The drop In water table level
was significant across the entire profile. The average depth to water
table across the profile AB before ditching was 22.3 cm. After drainage
{t was 44,1 ecm, a drop of 21.8 cm,

The profiles for the H40-m spacing were measured across the slope,
the contour lines (Fig. 1!B). The main direction of

groundwater [low was perpendicular to the profile (le., away from the
reader). fhe slight hydraullc gradient from B to A indicates a minor
groundwater flow  component directed from southwest to northeast.
Although drainage caused the water table to drop 5 to 10 cm In the
region 10 to 25 m from the north ditch, the change was not significant.
Changes closer to the ditch were signiflcant. The average drop in water
level across the profile AB was 17.7 cm.

parallel to

The 'before dralnage' profile for the 50-m spacing (Fig. 1C) Is
sim{lar In shape to that for the 30-m spacing. [t indlcates that before
drainage, groundwater moved downslope toward the creek. The drcp in
water level near the ditches varied between 15 cm near the downslope
ditch and 32 cm near the upper ditch. I[n the region 20 to 45 m from the
north ditch, the drop in water level was less than 10 cm and not
significant. The smallest drop in water level (a trivial amount)
occurred slightly downslope of the centre between ditches. The average
drop in water table level across profile AB was 10.1 cm.

A summary  of rexulls Ueom cressure ransducer and water lavel
recorder data !Table ') -ands =3 &rify <hac  the 'irop in water nable
level due to drainage i3 a :uncti:n of asistance frem rhe ditch. <ach
monthly average (s cased, N general, snoonearly 300 recarded
measurements or pressure rransducers cr 90 measurements or water lovel -
recorders. Where data belf'cre and after iitching are available, =2g., ror

30- and 50-m ditch spacings. -hey show that the average drop in water
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Figure 1. Goose River groundwater table i itchi
profiles before and after ditching: - -
C} 50-m spacings. 9 A)30-m, B) 40-m. and
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level 2-5 m from the ditch exceeded 30 cm. For comparison purposes, the
means for the entire predralnage and postdrainage periods {(last two
columns {n Table 1) were added to Fig. 1. The means for the
postdralnage period computed from pressure transducer and water level
recorder data tend to lie below the postdrainage profiles that were
plotted using manually obtained measurements.

table levels are affected by precipitation it

Because groundwater
summers 1986 and 1987 with the

is useful to compare precipitation for

long-term record. Total precipitation measured onsite during June
through September was 315 mm in 1986 and 274 mm {n 1987. The long-tern
average for the period June through September, 1951-1980, for the
Sweathouse Lookout Tower located adjacent to the area, 1s 354 mm
(Alberta Environment, 1985). The summers of 1986 und 1987 were drler

i
Table 1. Average depth to water table before (1986) and after (1987)
drainage; Goose River, Alberta

Distance .
Ditch from May-June July August September Mean
spacing nearest ‘86 '87 '86 '87 '86 '87 '86 '87 '86 '871
m ditch (m) cm
30 5 12.4 49.0 13.356.3 26.5 49.6 29.7 51.1 20.4 51.5
30 10 10,0 34,7 12,7 15.3° 25.0 40.8 30.0 #3.4 19,6 411
40 5 ND? 55.1 ND 60.1 ND 52.9 ND 57.4 ND 56.1
40 10 ND 54.7 ND 60.! ND 55.0 ND 59.4 ND 57.3
iTe} 20 N 28.8 ND 35.7 ND  25.4 ND 31.5 ND  30.4
50 2.5 ND 52.8 7.3 61.6 22.152.3 24.8 57.9 18.1 56.2
50 15 ND 32.4 15,3 39.1 28.1 33.5 31.9 38.2 25.1 35.8
50 25 ND 25.9 ND 29.6 ND 24,2 ND 28.8 ND 271

IND = No data

than average but not exceptionally so. Summer 1986 was wetter than
summer 1987 and was notable in that preclpltation for July was almost
twice the normal amount. It i{s reasonable to conclude that
precipitation did not greatly influence the effects due to dralnage.

Ditching produces a convex water table drawdown curve (Fig. 1). It
{s important, therefore, in forest rdrainage studies to know the relation
between tree growth and depth to water table, and to identify what is
meant by "optimum depth to water table" for different tree species.
Trees at the centre Dbetween ditches nay respond differently from those
located near ditches. These oroblems «ill be addressed {n future
studies on the Goose River site.
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Stream Water Quality

During 1986, concentrations of Cu, Ni, As, and P in downstream
water samples were always below detection 1limits for these elements.
Concentrations of Ti{, Pb, and Zn at these locatlons were frequently
below the detection limits as well. The highest concentrations of Ti,
Pb, anq Zn detected in the downstream samples were 0.01, 0.04, and 0.0
mg kg~ ', respectively. The large number of non-detectable occurrences
did not allow for statistical analyses of data for these elements.

fAnalyses of the 1986 suspended sediment and chemical water quallity
data (Table 2) showed that there were no significant differences between
the upstream and downstream concentrat{ons for suspended sediment, total
N, Ca, Mg, Na, Mn, S, and specific conductance. The differences were
significant for K and Fe. In the case of aluminum (Al), differences
between the upstream mean and the mean for the first downstream station
(D1) were significant, but differences between the upstream mean and the
mean for the second downstream station (D2) were not. The upstream
means were significantly greater for K and Al. For Fe, both downstream
means were significantly greater.

. Table 2. Mean concentrations of after-drainage suspended sediment and
chemical elements for the creek at Goose River, 1986
Suspended Specific
Sfte sediment N Ca Mg Na K Al t'e Mn N conduct-
ance

mg kg'1 HS em”!
! 20.06 0.92 5.76 1.08 4.79 1.04 0.51 0.64 0.04 0.53 56.66
1 .63  0.97 8.04 1.70 7.08 0.11 0.23 1.04 0.04 0.48 T4.68
J 5.23 0.78 8.87 2.00 6.69 0.27 0.31 1.0% 0.03 0.55 74.65
ly Upstream

= Downstream |1
= Downstream 2

[t would appear from the results that, except for producing an
increase in concentration of firon and a reduction in concentrations of
potassium and aluminum, ditching had no impact on chemical water quality
or suspended sediment concentrations. An inspection of the sediment
ponds and stream channel on July 24, 1986, however, revealed that
sediment filled the sediment ponds and covered the banks of the stream
channel near each main ditch. This was probably the result of the 99 mm
of rain that fell in a 9-day period =arlier in July. [t was avident
that the sediment ponds were functioning well but needed to be cleaned
sut after a storm of that magnitude.

The stream water quality dJata ire more meaningful if they are

oresented together with standards or guidelines for different water uses
:Table 3).
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) Table 3. Comparison of Goose River water quality data with suggested limits for aquatic life, and the effects of increased levels due to the

‘ v maximum acceptable limits of selected elements® for different addition of drainage water downstream (s debatable. [f the mean
. water uses : con?cntratlon for suspended sediment’ at the upstream station (20 mg
kg~') 1is assumed to represent the background suspended sediment

Water Suspended  Ca Mg Na Al Pb Fe Mn Zn concentration, then the maximum acceptable limit for freshwater aquatic

life was exceeded only twice, and the means for both downstream stations

use sediment
. were well below this value (Table 2).
ng kg
CONCLUSIONS
Domestic o 200 150 270 5 0.05 0.3 0.05 5
consumption Preliminary investigations of the effects of different ditch

spacings (30-, 40-, and 50-m) -on groundwater levels at Goose River
Livestock ND 1000 ND ND 5 0.05 ND ND 25 showed that water table profiles between ditches were roughly parabolic.
and wildlife Near the ditches, groundwater levels dropped about 30 cm. At the centre

. between ditches, the water table dropped about 15 cm for the 30-m
spacing, 5-10 c¢m for the 40-m spacing, and a negligible amount for the

Irrigation:
~acldic 50~-m spacing. The average depth to water table (across the profile AB
soils ND ND ND ND 5 0.2 5 0.2 1 between ditches) was increased as a result of ditching by 22, 18, and 10
-alkaline . cm for the 30-, U40-, and 50-m spacings, respectively. Because the
soils ND ND ND ND 20 2 20 10.00 5 experimental area was ditched using mostly 40-m spacings, the water
table for the drained area would be, on the average, 18 cm lower than
Freshwater ¢ ND ND ND 0.00Sd— 0.001%- 0.3 ND 0.03 before. Studies relating groundwater table profiles to tree growth are
aquatic 0.10 0.007 necessary and are being planned.
life

Sediment ponds and buffers are important Ffeatures incorporated
within the drainage network design to capture sediment, thereby

Goose River
minimizing the deleterious effects of ditching on stream water quality.

(downstream):

-maximum 71.59 17.27 4.26 15.11 0.52 0.037 1.46 0.08 0.043 Stream water quality data indicated that the ponds and buffers were
-mean 14,63 8.87 2.0 7.08 0.31 ND 1.038 0.04 ND functioning well, but field inspection showed the need for additional
monitoring of stream water quality during heavy rainstorms. Ditching
dsources: McNeely et al., 1979; Canadlan Council of Resource and Environment did not have a significant impact on concentrations of suspended
Ministers Task Force, 1987. sediment, total N, Ca, Mg, Na, Mn, S, or on specific conductance. Other
byp = No data. elements such as As, Cu, Ni, P, Pb, Ti, and Zn were either not detected
CShould not exceed 10% of background suspended sediment concentratlions, or were usually present [n Lrace amounts. Ditching fncreased the levels
Ypependa on  pH,  calcfum fon  concentration, and  dissolved oxygen of iron in the stream but lowered the levels of aluminum and potassium.
concentration.
®Depends on water hardness.
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MARGINAL LAND DRAINAGE: AN INTEGRATED APPROACH

Douglas J. Kozuskol

ABSTRACT

Drainage improvements of wetlands capable of su

agricultural production may represent thgjlimiting g??:z:ngfeggg::i:§
agricultural development. These marginal lands offer a variety of
resource use opportunities such as fishing, hunting and recreation in
addition to agrlculture. Associated with the resource use opportunities
are potential conflicts between various interest groups such as farmers

native people, lhunters, commercial fishermen, private developmené
agencles and the local, provineial and federal governments. Using the
Alonsa Conservation District as an example, this paper presenéi an
integrated approach for planning drainage improvements for marginal
agticultural land. The integrated approach considers water qualit

fish and wildlife habitat and recreational opportunities in associaciz'
with agricultural dratnage lmprovements. "

1 Sa - y ny
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